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SLC.TION  1 - OVKRVlliW 


l.l.  INTRODUCTION 

In  tropical  latitudes  where  the  clouds  are  predominantly  of 
convective  origin,  it  is  reasonable  to  expect  that  1 ly  the  itKire 

intense  radar  echoes  and  thus  the  greater  rainfall  rates  would  be 
associated  with  the  taller,  brighter  (colder)  clouds.  Indeeil,  the 
work  of  Griffith  et  al . (1973  and  1976)  heavily  supports  such  a con- 
tention. Moreover,  the  ceiling  heights  and  surface  visibilities  would 
tend  to  be  lower  with  the  more  intense  convection.  These  generalities 
strongly  suggest  that  specific  relationships  can  be  found  to  permit  the 
identification  of  such  meteorological  parameters  direct  from  satellite 
imagery.  Further,  the  ability  to  depict  radar  patterns  and  intensi- 
ties from  satellite  data  would  make  it  possible  to  determine  the  loca- 
tion of  turbulence,  gusty  winds,  hail  and  tornado  activity,  and  other 
pariuneters.  This  overall  capability  would  be  of  obvious  importance  to 
the  U.S.  Army.  Accordingly,  the  purpose  of  this  work  was  to  investigate 
basic  relationships  between  satellite  gray  levels  and  the  existence  of 
radar  echoes,  ceiling  height,  .and  surface  visibility  in  .'^outh  Florida 
with  the  ultimate  goal  of  developing  identification  techniques.  Radar 
echo/rain  relationships  were  also  ex.-imined. 

A rather  impressive  collection  of  input  data  were  used  in  the 
analysis.  SMS-1/G0F.S  satellite  visible  and  I.R.  transparencies  were 
provided  by  the  Satellite  Field  Services  Station  in  Miami.  Digital 


WSK-S7  radar  data  together  with  special  rain  gauge  and  radiosonde  data 
were  provided  by  the  National  Hurricane  and  hxjieriniental  Meteorology 
laboratory.  The  National  lllimatic  Center  pixividod  the  surface  weather 
observations  which  contained  ceiling  heights  and  surface  visibilities 
for  first  order  stations.  The  analysis  was  performed  or.  the  highly 
sophisticated  Kennedy  Space  Center  Image  100  Mul t i spectral  Image 
Analyzer  through  an  .irrangeraent  between  the  Atmospheric  Science 
Laboratory,  White  Sands  Missile  Range,  the  Kennedy  Space  Center  (KSC) 
D.ita  Analysis  facility,  and  the  University  of  Miami. 

The  analytical  pi-ocedure  was  to  contour  the  satellite  visible, 
I.R.,  and  radar  data  into  various  gray  or  intensity  levels  (themes) 
and  then  make  comparisons  of  the  specific  values  at  grid  points  within 
the  speci.il  mesonetwork  of  rain  gauges  installed  for  the  1975  I'.ACl; 
experiment  in  South  Florida.  The  satol 1 ite/cei ling  height  and  surface 
visibility  comparisons  were  made  for  the  Fort  Myers.  West  Palm  Beach, 
and  Ft.  Lauderdale  airports.  Case  studies  were  analyzed  for  13,  14, 
18.  and  ’1  August  1975. 

1 . 2 SUMMARY  OF  RFSULTS 

Tliis  brief  study  has  shown  that  specific  relationships  do  exist 
between  satellite  visible  and  I .R.  gray  levels,  and  such  parameters  as 
tlie  existence  of  radar  echoes,  ceiling  height,  and  unt.ice  visibility. 
F.choes  were  found  to  occur,  without  exception,  when  tl.e  s.itellite 
visible  and  l.R.  gray  levels  exceeded  a value  of  ISA,  based  on  a 
sc. lie  of  0 (black)  to  J55  (white).  Mo-.t  ot  tin  ecb'vS  I'ccui'red, 
however,  with  satellite  visible  gray  levels  of  131  -If'  and  l.R.  levels 


of  lt>3-192;  and  visible  levels  of  131-147  and  l.K.  levels  of  193-222. 

A good  correlation  was  shown  between  radar  echo  and  rain 
pattenis  over  the  rain  gauge  mesonetwork  but  the  linear  correlation 
coefficients  between  the  intensities  were  surprisingly  low.  The 
reason  for  that  was  not  clear;  perhaps  it  was  related  to  registration 
e rrors . 

It  was  interesting  to  note  that  this  study  revealed  clear  rela- 
tionships between  satellite  gray  level  and  ceiling  height  as  well  as 
surface  visibility.  The  lowest  ceilings  occurred  when  the  visible  gray 
le^el  was  near  100  and  the  I.R.  level  was  near  130.  The  lowest  surface 
visibilities  occurred  with  the  same  visible  gray  levels  but  with  the 
I.R.  level  near  110  instead  of  130.  Those  observations  appeared  to 
be  consistent  with  our  understanding  of  tropical  cumulus  development. 

.An  example  was  presented  showing  how  a radar  echo  pattern  could 
be  simulated  from  themed  satellite  visible  data  on  14  .August  19'5. 

The  reproduction  was  quite  good  and  suggestive  that  further  work  should 
be  performed  in  this  area. 

Finally,  a series  of  computer  programs  was  developed  to  convert 
the  7-track  NHI.ML  K.ART  digital  radar  tapes  to  9-track  tapes  with 
suitable  block  size  and  format  for  input  into  the  KSC  PPP  11/35 
comjniter  system. 

1.3  CONCLUSIONS  AND  RECOMMENDATIONS 

This  study  has  produced  a series  of  findings  that  support  our 
initial  contentions  and  thus  the  stage  is  set  for  additional  work  in 
meteorological  pariimeter  depiction  from  satellite  imagery.  From  the 
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operational  standpoint  it  would  be  quite  handy  to  be  able  to  push  a 
button  and  produce  a complete,  simulated,  radar  display  from  satellite 
imaj^ery.  nierefore,  not  only  should  more  work  be  performed  on  pattern 
relationships,  but  the  effort  should  be  large  enough  to  investigate 
intensity  relationships  as  well.  The  findings  with  respect  to  ceiling 
heights  and  surface  visibilities  are  suggestive  that  satellite  imagery 
potentially  contains  a wealth  of  meteorological  information. 

The  Image  100  system  is  ideally  suited  for  the  sophistication 
that  is  needed  in  this  type  of  work.  Of  the  many  sources  of  possible 
errors,  it  is  essential  that  registration  errors  be  held  to  a minimum. 
The  electronic  stacking  capabilities  of  the  Image  100  system  provide 
unparalleled  accuracy  in  registration.  Moreover,  the  system  has  a 
mul tispectraJ  capability  that  received  only  cursory  use  in  this  study 
because  of  analytical  time  restraints.  Future  work  should  utilize 
that  capability. 

It  is  recommended  that  film  gamma  be  normalized  in  future  studies 
and  that  taped  satellite  products  be  used  as  available.  Other  proce- 
dures should  be  standardized  such  as  using  the  same  aperture  setting 
of  the  lens,  the  same  gray  level  range  of  themes,  etc.  For  this  ini- 
tial study  such  rigor  was  not  required. 


SI'.l'l  UIN  J 


nri’Ani  D in  si  ini'i  u'N  oi  kokk 


J,  l INI’lir  DATA 

SMS-l/l!Oi:S  V'isilili'  aiul  I.K  t i\'IUsd“  »'vo>.l  .is  t lie  -..itii 

1 1 1 1'  mput  il.it.i  tor  tins  stuitv,  Dporat  loiial  provliKts  ivoro  usisl  ,nul 
no  I'ftort  was  niaili'  to  normaliic  t tu>  vU'nsilios  tor  ill  t Ivioivv.  I's  in 
tilm  );.imnia.  Tlio  visililo  rosolution  was  'j  mi  If  tor  t ho  IT  aiul  M 
August  I'asfs,  J iiiilos  tor  t lif  IS  August  raso,  aiul  I mi  lo  tor  l ho  Jl 
August  rasf.  I'lif  l.K.  ifsoliition  was  I milos  tor  all  raso  s . Itt'orts 

wfff  mailf  to  t rv  to  iiso  SMS'l  aiul  ,SM.S  J ilata  as  storoo  pairs  l>ut 
till'  at  t f nipt  was  aDaiutoiif  il  as  hoin^;  l>f\'oiul  t lio  sfo\'i'  ot  t'lis  stiuls 

will  ill  Wiis  limitfil  to  only  -I  mo  t foro  lo^il  st  man  moutlis, 

Diyit.il  WSK  li?  railar  ilata  wlurli  luul  I'Ofii  roititTfil  into  I n 
mi  If  I'v  I n.  ml  If  );r*'l  sipiai'fs  usiiij;  tlio  NltlMl  KAIM  prori.im,  iioro 
proviilfil  to  US  on  ’ t rark  t apf  aiul  in  printout  t'orm,  I'no  printout 
l OVfi’fil  t Ilf  f Ilf  I rf  aroa  shown  in  l iyiii'f  1.  In  oi  ilor  to  an.ili  .'o  t ho 
iliyital  ilata  at  t hf  k.Sl’,  it  was  iifft'ssari  tor  us  to  ilfVflop  ,i  sorios 

ot  loiiiputt'r  programs  to  ci'iivort  thf  7-f  rai  k kAlM'  tape's  into  '>  t r.u  k 

tapos  with  siiltahlf  hlork  si^o  aiul  t'ormat  for  input  into  thf  kSi'  I'DI' 

1 l/.lh  fompiit  f r systfiii.  this  turiifil  out  to  hf  a si.’ahlf  ta-.k  iiul 
thus  II  rfprosfiit  fil  a iiiaior  rout  rihiit  ion  to  t ho  rfsoanh  ft  tort 
riiosi'  proxi’ams  am  apponilfil  to  this  rfport  . Thf  railar  ilat.i  on  t ho 
printouts  worn  roilfil  as  shown  in  I’al'U'  I. 

ITttffii  iiiiiiutf  raintall  ilata  fnuii  thf  lif;'  T.AiT  ram  jtaiiyf 
III  twork  wfif  iisfil  in  this  stiulv.  This  iiotwork  wa--  liuatoil  soiit  li  ot 
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Lake  Okeechobee,  see  Figure  1.  and  contained  60  tipping  bucket  rain 
gauges,  see  Figure  2.  The  rainfall  rates  in  inches/15  minutes  were 
converted  to  nun/hr  for  comparisoi\  with  the  radar  data. 

Official  NWS  surface  weather  observations  served  as  the  basis 
for  the  ceiling  height  and  surface  visibility  input  data.  The  record 
observations  were  taken  approximately  5 minutes  before  the  hour  but 
special  observations  were  taken  as  necessary. 

2.2  SFUiCTION  OF  CASF  STUDlliS 

After  reviewing  the  availability  and  quality  of  the  input  data, 
the  four  cases  as  shown  in  Table  2 were  selected  for  specific  study. 

It  was  felt  that  the  rainfall  data  slightly  later  than  the  radar  data 
would  produce  more  realistic  correlations,  liven  though  the  time 
departures  of  the  ceiling  height  and  surface  visibility  data  ranged 
between  5 and  25  minutes  from  the  other  data,  the  values  were  consi- 
dered to  be  reasonably  reliable  in  light  of  the  earlier  or  later 
surface  observations. 

The  daily  rainfall  patterns  for  the  case  dates  are  shown  in 
Figures  3-6.  The  rainfall  on  13  August  occurred  mostly  near  Miami 
and  just  southwest  of  Lake  Okeechobee.  On  the  14th  the  rainfall  occurred 
mostly  over  the  center  of  the  peninsula.  The  rainfall  was  predominately 
just  inland  from  the  east  aiul  soutiiwest  coasts  on  the  18th.  And  the 
rainfall  was  near  the  west  coast  on  the  2lst.  Those  were  consid-red 
to  be  representative  jiatterns  for  the  .South  Florida  area. 

The  21o02  radiosonde  soiuidings  takt'n  at  the  ID-.S  I XOli  Field 
Observation  Site  are  shown  in  Figures  7-10.  The  soiuuling  on  13  August 
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pRiNTCxrr 

CODE 

2130Z 

13  AUG  75 

19302 

14  Airc  75 

19152 

18  Air,  75 

21 1 02 

21  AUG  75 

• 

3.08  - 

6.16 

1.63  - 

3.27 

1.66  - 

3.^3 

2.  r 

- •''.7‘ 

1 

6.16  - 

12.31 

3.27  - 

6.53 

3.33  - 

6 . 66 

4.76 

- 9.'>r 

2 

12.31  - 

18.47 

6.53  - 

9.80 

6.b6  - 

9.98 

O.M) 

- 14.24 

3 

18.47  - 

24.62 

9.80  - 

13.07 

9.98  - 

13.31 

14.24 

- 18.0^' 

4 

24.62  - 

30.78 

13.07  - 

16. 34 

13.31  - 

16.64 

18.09 

- 2 <.74 

5 

30.78  - 

)6.93 

16.34  - 

19.60 

16.64  - 

10.97 

^ 5*7'j 

- 28.40 

6 

36.93  - 

43.09 

u^.60  - 

22.87 

19.97  - 

23.30 

28.40 

- 33.24 

7 

43.09  - 

49.24 

22.87  - 

26.14 

23.  ■"0  - 

26.62 

33.24 

- 37.98 

8 

49.24  - 

55.^0 

26.14  - 

29.40 

26.62  - 

29.95 

17.98 

- 42.73 

9 

5S.^>0  - 

61.55 

29.40  - 

32.67 

29.05  - 

33.28 

42.7'^ 

- 47.48 

TAB1£  1 - Digital  radar  printout  code.  Rainfall  rates  are  In  nn./lir. 


CASE 

DATES 

1 3 AUG  75 

l4  AUG  75 

18  AUG  75 

21  AUG  75 

Satellite  Vlslblle 

2130 

1930 

1930 

21  ('0 

Satellite  I.R. 

21  30 

1930 

1000 

.’!  00 

Radar 

2130 

1030 

191  5 

21 1 0 

Rainfall 

2130  - 2145 

1930  - 1945 

1Q1  5 - 1030 

21 1 9 - 21  30 

Celling  Height 

2155 

1955 

1855 

2055 

Surface  Visibility 

2155 

1955 

1855 

20‘e, 

TABLfc  2 - rimes  (Z)  of  the  varlou;. 

data  used  In 

the  case  sludlee. 
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FIG.  6 - Dally  rainfall  p<ittern,  21  August  1975*  Isohyets  In  Inches. 
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was  relatively  dry  with  a superadiabatic  lapse  rate  at  the  surface. 

The  sounding  was  moist  on  the  14th  with  a relatively  deep  stable  layer 

at  the  surface.  It  was  not  as  moist  on  the  18th  and  an  inversion  at 

the  surface  extended  to  1000  mb.  The  sounding  on  the  21st  was  slightly 

drier  than  that  on  the  18th  and  contained  a shallow  stable  layer  at 

the  surface.  The  tropopause  was  located  near  150  mb  on  each  of  the 

o o 

case  dates  with  the  tropopause  temperatures  between  -65  C and  -71  C. 

2.3  ANALYSIS  AREA 

The  "Image  100  Analysis  Area"  shown  in  the  upper  left  corner  of 
Figure  1 served  as  the  general  area  for  registering  the  various  forms 
of  data.  Once  registered,  the  satellite,  radar/rain  comparisons  were 
made  at  the  grid  points  within  the  rain  gauge  mesonetwork,  see  Figures 
1 and  2.  The  grid  contained  180  points.  The  satellite,  ceiling 
height  and  surface  visibility  comparisons  were  made  at  Ft.  Myers,  West 
Palm  Beach  and  Ft.  Lauderdale,  near  the  edges  of  the  "Image  100  Analy- 
sis Area". 

2.4  THE  IMAGE  100  MULTI SPECTRAL  IMAGE  ANALYZER 

The  General  Electric  Image  100  Multispectral  Image  Analyzer  at 
the  KSC  was  used  to  register  the  satellite  data  electronically  and  to 
document  gray  levels  at  grid  points.  A block  diagram  of  the  Image  100 
system  is  shown  in  Figure  11.  The  CRT  display  contained  a 512  by  512 
array  of  pixels  with  a gray  level  range  of  0 to  255.  Since  the  radar 
data  were  contrast  stretched  to  assist  with  regist''ring  the  satellite 
data,  the  radar  comparisons  at  grid  points  were  performed  by  hand 
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rathor  than  electronically  in  order  to  make  opt  iiinun  use  of  the 
system  capabilities  within  the  allotted  analysis  time. 

J.5  DATA  RhCl STRATI ON 

Perhaps  the  most  critical  phase  of  the  overall  analysis  was  in 
rejjistering  the  data.  ITie  radar/rain  data  were  registered  with  respect 
to  each  other  by  carefully  superimposing  the  radar  grid  over  a rain 
gauge  locatioti  map  supplied  by  NllliML,  see  the  final  product  in  ligure 
2.  With  the  exception  of  tlie  18  August  cast>,the  registration  appeared 
to  be  quite  good.  On  18  August,  the  radar  pattern  appeared  to  be 
shifted  .A  n.  miles  west  and  I n.  mile  south  of  the  riiin  pattern  but 
for  coitsistency  those  data  were  not  altered. 

rhe  aatolllto  visible  data  were  registereil  using  geographical 
fe.itures  and  the  radar  data  in  the  "Image  100  Analysis  Area".  l.R. 
data  were  registered  with  respect  to  the  visible  .is  well  as  to  the 
radar  and  geographic  data.  One  of  the  advantages  of  using  the  Image 
100  system  for  registering  the  ilata  was  that  the  data  could  be  stored 
in  separate  channels  and  then  electronically  stackeil  and  shifted  as 
necessary.  Three  observers  were  involved  in  fine  tuning  the  registra- 
tion. 

Pictorial  examples  showing  the  regi  st  i-at  i on  of  the  r.ul.ir  aiul 
the  satellite  visible  data  in  ttu'  "Image  100  Analysis  Area'  are  shown 
in  Tigures  12-15.  The  rectangular  electronic  cursor  outlines  the 
radar  grid  in  the  rain  gauge  mesonetwork . 


mmmmmrn 


FIG.  13  - Radar  echoes  superimposed  over  satellite  visible  data  iii 

Image  100  analysis  area,  14  August  1975  case.  Uectangular 
cursor  outlines  rain  gauge  mesonetwork. 


FIG.  12 


- Radar  echoes  superimposed  over  satellite  visible  data  in 
Image  100  analysis  area,  13  August  1975  case.  Rectangular 
cursor  outlines  rain  gauge  mesonetwork. 
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FIG.  14  - Radar  echoes  superimposed  over  satellite  visible  data  in 

Image  100  analysis  area,  18  August  1975  case.  Rectangular 
cursor  outlines  rain  gauge  mesonetwork. 


FIG.  IS  - Radar  echoes  superimposed  over  satellite  visible  data  in 

Image  100  analysis  area,  21  August  1975  case.  Rectangular 
cursor  outlines  rain  gauge  mesonetwork. 


2.6  ANALYSIS  PROCEDURL 


Numerical  values  of  the  satellite  visible  and  I.R.  gray  level 
density  themes  for  each  pixel  within  the  mesonetwork  grid,  see  figure 
2,  were  tabulated  using  the  Image  100  Printer/Plotter . Values  tor  the 
180  grid  points  were  then  manually  taken  from  that  array.  Values  of 
the  contrast  stretched  radar  data  were  also  tabulated  but  not  used  in 
the  grid  point  analysis.  Instead,  the  unmodified  data  from  the  digi- 
tal radar  printouts  were  used  (recall  that  those  data  were  already 
gridded  into  a 1 n.  mile  mesh). 

For  the  radar/ rain  correlations,  the  rain  data  were  plotted 
on  maps  like  that  in  Figure  2 and  then  the  values  at  the  grid  points 
were  extrapolated  from  the  isohyetal  analysis. 

The  procedure  for  the  satellite/ceiling  height,  surface  visi- 
bility comparisons  was  to  tabulate  the  average  satellite  grav  level 
for  the  four  pixels  immediately  surrounding  the  Ft.  Myers,  West  I'.ili'i 
Beach,  and  Ft.  Lauderdale  airports.  The  average  values  were  tluMi  com 
pared  with  the  observed  ceiling  heights  and  surface  visibilities. 

2.7  SATELLITE/ RADAR  ECHO  REUTIONSHIPS 

Figures  16-19  summarize  the  joint  relationship  between  satellite 
visible  and  I.R.  gray  levels,  and  the  existence  of  radar  echoes  at  the 
180  grid  points.  Eight  themes  or  class  intervals  of  density  r.inges 
were  used  for  each  case.  The  numerical  values  for  each  theme  varied 
from  case  to  case  because  of  differences  in  the  dynanic  range  of  the 
observed  gray  levels.  Unique  relationships  would  be  indicated  when 
the  contoured  echo  pattern  (dashed)  is  displaced  from  the  no  eibo 
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FIG.  17  - Number  of  grid  points  in  mesonetwork  with  no  radar  eohoo; 

(solid)  and  with  radar  echoes  (dashcxl)  14  August  U^‘'. 
Numbers  to  the  right  of  the  dots  are  for  no  echoes,  (host 
to  the  left  for  echoes. 


SATELLITE  I.R.  GRAY  LEVEL 


SATELLITE  VISIBILE  GRAY  LEVEL 


123-132 


133  142  0 ,4 


143-152 

153-162 

163-172 

173-182 

183192 

193-203 


o 

CO 

1^ 

ID 

O 

CM 

00 

a> 

O) 

1 

CM 

1 

CM 

1 

1 

1 

00 

i 

CO 

00 

o 

R 

.2 

»2  *2  *3 


.1 V. 


»5  *9 


) >10 


•2  *4  f .6  //U12 

• I 1*  \2*1 

• \1*  ✓ I 8* 

/ \ 

/ S 


5nN. 

V) 

// 


« 


FIG.  18  - Number  of  grid  points  in  mesonetwork  with  no  radar  echoes 
(solid)  and  with  radar  echoos  (dashed)  18  August  1975* 
Numbers  to  the  right  of  the  dots  art-  for  no  echoes,  those 
to  the  left  for  echoes. 
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pattern  (solid)  in  these  figures.  Relationships  with  overlapping 
patterns  would  be  a function  of  the  position  and  strength  of  the  echo 
maximiun  with  respect  to  the  no  echo  maximum. 

On  13  August  there  was  an  indication  that  echoes  tended  to  occur 
when  the  l.R.  gray  level  was  94-99  and  when  the  visible  level  exceeded 
157.  It  should  be  noted,  however,  that  not  many  echoes  were  observed 
in  the  mesonetwork  on  that  date. 

On  14  August  the  echoes  occurred  mostly  with  satellite  visible 
gray  levels  of  148-lbl  and  l.R.  gray  levels  exceeding  lt)3.  There 
were  a substantial  number  of  grid  points  with  those  gray  levels,  though, 
that  did  not  contain  echoes. 

The  pattern  on  the  18th  shows  unique  relationships  with  l.R.  gray 
levels  exceeding  183.  Actually  most  of  the  echoes  were  observed  with 
satellite  visible  gray  levels  exceeding  183  and  l.R.  levels  exceeding 
\-i. 

On  the  21st  the  echoes  were  observed  mostly  with  satellite  visible 
gray  levels  of  141-145  and  l.R.  levels  of  199-225. 

Even  though  the  film  gammas  may  have  varied,  a composite  of  the 
above  four  figures  is  presented  in  Figure  20.  Tliis  figure  shows  that 
there  is  a unique  relationship  between  satellite  visible  and  l.R.  gray 
levels  exceeding  183,  and  the  existence  of  radar  echoes.  However,  most 
of  the  echoes  in  these  cases  existed  with  satellite  visible  levels  of 
131-210  and  l.R.  levels  of  lo3-192;  and  visible  levels  of  131-147  and 


l.R.  levels  of  193-222 
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FIG.  20  - Composite  number  of  grid  points  in  mesonetwork  with  no  radar 

echoes  (solid)  and  with  radar  echoes  (dashed)  from  all  h cases 
Numbers  to  the  right  of  the  dots  are  for  no  echoes,  Ihose  to 
the  left  for  echoes. 
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2.8  RADAR  ECH0/R/\IN  REUTIONSHIPS 

Radar  echo  and  rain  patterns  within  the  mesonctwork  are  shown  in 
Figures  21-24.  'I’he  radar  echo  intensities  are  coded  as  shown  in  Table 
1.  The  rainfall  rates  have  been  converted  to  mm/hr.  Aside  from  the 
13  August  case  which  had  practically  no  convection  in  the  mesonetwork 
area,  there  was  good  agreement  between  the  radar  echo  and  the  rain 
patterns.  As  noted  earlier,  the  echo  pattern  on  18  August  appeared 
to  be  displaced  1 mile  south  and  3 miles  west  of  the  rain  pattern,  but 
even  so,  the  agreement  wasn't  bad. 

A siunmary  of  the  specific  data  at  the  grid  points  is  presented  in 
Table  3.  Note  that  on  14  August,  72  per  cent  of  the  points  with  either 
rain  or  radar  echoes  contained  both  rain  and  radar  echoes.  In  general, 
the  range  of  the  observed  radar  echo  and  rain  intensities  was  reasonably 
close  but  the  linear  correlation  coefficients  were  surprisingly  low. 

2.9  SATELLITE/CEILING  HEIGHT,  SURFACE  VISIBILITY  RELATIONSHIPS 

The  relationship  between  satellite  visible  and  I.R.  gray  levels, 
and  ceiling  height  data  is  shown  in  Figure  25.  By  eliminating  one  data 
point,  which  represented  a ceiling  at  Ft.  Myers  during  a thundershower, 
it  is  possible  to  draw  a smooth,  bull's  eye  pattern  where  the  lowest 
ceilings  occurred  with  a visible  gray  level  near  100  and  an  I.R.  level 
near  130. 

Similarly,  the  lowest  surface  visibilities,  see  Figure  2b,  occvirred 
with  the  s;ime  visible  gray  level  but  with  an  I.R.  level  of  110  instead  of 
130.  Again  the  s;ime  data  point  (4  mi  visibility)  was  eliminated  because 
it  was  related  to  an  active  thundershower  at  Ft.  Myers. 
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I'he  observation  of  relatively  low  satellite  gray  levels  with  low 
ceiling  heights  and  surface  visibilities  is  consistent  with  the 
tendency  for  such  meteorological  conditions  to  occur  during  the  early 
portion  of  the  mature  stage  of  tropical  cumulus  development,  i.e.,  with 
the  onslaught  of  the  rainfall  which  is  prior  to  the  maximian  cloud 
growth  and  brightness.  Moreover,  Griffith  et  al.  (1970)  have  shown 
that  the  maximum  echo  area  in  South  Florida  occurs  prior  to  the  maxi- 
mum cloud  area.  From  those  observations  it  can  also  be  inferred  that 
the  m.iximum  echo  brightness  and  thus  the  lowest  ceiling  and  surface 
visibilities  occur  prior  to  the  maximimi  cloud  brightness. 

J.IO  FX/\MF1.L  OF  IbXDAR  FCHO  FATTERN  DEPICTION  FROM  .SATFl.LITE  VISIBLE 
DATA 

One  of  the  goals  of  this  work  was  to  attempt  to  depict  radar 
echo  patterns  from  satellite  data.  A natural  goal  for  further  work 
would  be  to  extend  that  capability  to  intensity  recognition. 

Of  the  four  cases  studied  in  this  contract,  the  best  echo 
pattern  depiction  occurred  with  the  14  August  case.  The  actual  radar 
echo  pattern  is  shown  in  Figure  27,  and  Figure  2S  shows  the  themed 
satellite  visible  pattern  that  most  nearly  resembled  the  echo  pattern. 
The  actual  satellite  visible  ilata  for  this  case  are  shown  in  Figure 
IS.  The  rather  good  agreement  between  tlie  patterns  in  Figures  27  and 
28  is  encouraging.  The  pattern  in  Figure  28  was  proiluced  I’y  simply 
selecting  a gray  level  range  and  then  pushing  a button. 
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CA  LL  M > ; M 4 , 22  ) 

19 

CO  Sou  1 1-1,704 

:n 

nc  482  1:1,22 

< 1 

M : 2 1 ( 1 ) 

Z 2 

K r . 2 ( r > 

.M 

rLLMXld  ),Yl(I),6(t  ) ):PLn(X2(I),Y'’(l  ),AtK)  ) 

2‘» 

4 5l 

COM  1 NUF 

DO  4 75  J A 1,22 

.it 

2 1 ( D 1 - 21  ( 2)  *4 

Z1 

476 

22(J)A22lJ)*4 

.IS 

5CC 

COM  I DDF 

29 

CA  lL  mo  a \ ( 3 , 1 ,28  ! 6,  , 8 ,L  » 

jO 

call  N 1 F'  a ),  ( 3 , 2 2 ) 

il 

C)0  4 25  L2ri,22 

3? 

2 1 ( L . ) : 2 A 1 1 2 1 

SI 

4 21; 

22 (L . 1 =2  0 ( L2  ) 

38 

6 JC 

CC  .1  INUL 

38 

»RIU  (b,  7DL') 

36 

7 CL 

FOKt  «T(  1 X , 'COHCLl  Ti  • ) 

37 

CALL  CXIT 

3R 

FNO 

,;pr  T,s  owK.oi 


6 


END  OF  compilation: 
"''ASb.A  Z^. 

-•USE  <■♦.,•4. 

•ASl7,TH  OUTAPE  f IbNtMEDPLT 
“"'ISt  3..0UTAPE. 

'•XOT 

PMAP--9-0b/09-  11:43 


NO  DIAONOSIICS. 


i«EOP,  IS 

KOP  SI  1 A-06/09/76 

-1 1 :42 

:43 

MAIN  PROORAM 

STORAGE 

used: 

CODE ( 1 ) 000065;  UATAIO)  006164; 

BLANK  COMMON (2)  ' 

external  references 

(BLOCK,  NAME! 

0003 

ntran 

0004 

EXIT 

OOOS 

N I N T R S 

0006 

NwOUt 

0007 

NIOPS 

0010 

NSTOPS 

STORAGE 

ASSIGNMENT 

(BLOCK,  TYPE,  RELATIVE  LOCATION,  NAME) 

000  1 

000003 

105G 

0000  006145  IlOF 

0001  000020 

0000  I 

00S400 

B 

0000  I 006140  I 

0000  I 006143 

0000  I 

006141 

N 

- 

00101 

1* 

implicit  INTEGER(A-Z) 

0010  3 

2* 

DIMENSION  A(2816) ,8(352) 

0 0 1 0 ♦ 

3* 

DO  30  1=1,6 

0 0 1 0 7 

4* 

N = 0 

00110 

5« 

CALL  NTRAN (4, 2, 2816, A, L) 

00111 

6» 

CALL  NTRAN(4,22) 

0 0 1 1 ;? 

To 

DO  25  J=l,8 

001  IS 

8* 

DO  20  K=l,352 

OOlPO 

9* 

N = N*  1 

001^1 

1 0* 

20 

fl  ( K ) = A ( N ) 

00l£!3 

11" 

CALL  NTRAN 1 3, 1 ,352,B,L) 

001^4 

12» 

CALL  NTRAN(3,22) 

001<^5 

130 

25 

CONTINUE 

00  ii;7 

1 4" 

30 

CONTINUE 

00  13  1 

15* 

CALL  NTRAN (3,9,9, 10) 

0013.3 

16« 

WRITE (6, 1 10) 

00  13•^ 

1 7« 

110 

format (IX, 'COMPLETE*  ) 

00  1 3S 

18* 

CALL  EXIT 

00136 

19* 

ENO 

jvftju^^  <s-K. 

jL^  JUU  VI  to  ca  Cxw*v 

^I^IdLsA, 

tA>w\^V>AjfeA.  . ^'vv.  c»j\rv<»-w 
\ JLA>-oJVt5<V.  /viu>ejl 

OJ^  Ov-  JL^v\jsmO\3o  JUCL^ 

rv>sjcJKjuww  Jbi« 

r^  ^ (t. 


C^^'vyv^VujteA.  , ^ -ws.  CaJ\/V<v 


,.>IjU-A3 

OsjSi/O^ 


jfi>  (X'V-Ar^ 

JbO^JU. 


ii 


POMTRAN 

VO9,00  16103114  09«JUN. 

• \ i 

0k^Ul 

IMPLICIT  lMTEr.tR(A»Z) 

000a 

OIMtNSlON  V(27) 

0003 

OlMCNSION  4(26001 ,8(792) ,C(256} 

0004 

DIMENSION  D(181) ,E(20U) 

0005 

CALL  SETFlL(6,'Lf’MERR,*LP*) 

0006 

CALL  StTFlL(4, »MT»,IEHR, *MT»,a) 

0007 

CALL  SETF1l(3,  »MT9»,  lERR, 'MTSS) 

0008 

V(0n*12799 

0009 

V{02)«12593 

0010 

V(03)«12993 

0011 

V(04) ? 12593 

ooia 

V(05)sl2649 

001S 

V(06)«12850 

0014 

V(07) «12830 

0015 

V (08)813106 

0016  " 

V(09)*13107 

0017 

V(10)»12595 

0018 

V(11)»12336 

0019 

V(12)812592 

0000 

V(13)012336 

0021 

V (14) aart 

0022 

V(15)ai36l6 

0023 

V(16)848 

0024 

V(17)lil2337 

0025 

V(18)»49 

0026 

V(l9)ai3616 

0027 

V(20)«48 

0028 

V(?n«l2337 

0029 

V(22)a-217ll 

0030 

V(23)>0 

0031 

V(24)80 

0032 

V(25)80 

0033 

V(26)40 

0034 

V(27)(0 

0035 

MC*0 

0036 

IC«0 

0037 

CALL  WTRAN(3,V,27) 

0038 

CALL  WAIT(3) 

0039 

DO  005  Ifl,38 

0040 

DO  800  J»l,256 

0041 

800 

C(J}a0 

0042 

CALL  RTRAN(3,C,256) 

0043 

CALL  WAI7(3) 

0044 

805 

CONTINUE 

0045 

1000 

CONTINUE 

0046 

IC0UNT«1 

0047 

KTEST82376tMC 

0046 

JZ»MC 

0049 

KKaMC 

0050 

1 

continue 

0051 

00  10  I«l,3 

0052 

CALL  RTRAN(4,8,792) 

0053 

CALL  MA1T(4) 

0054 

DO  5 Kal,792 

0055 

JZ-JZ^l  _ 

0056 

5 

A(JZ)«8(K) 

0057 

10 

continue 

0058 

J4'0  _ 

0059 

DO  150  ll«l,13 

V0<>,e0 


16103114 


0060 

Oflbl 

0O6i? 

0063 

006a 

006^5 

0066 

0067 

0068 

0069 

0070 

00  7 i 
0070 
0073 
0O7a 

0075 

0076 

0077 
0070 

0079 

0080 

0001 
0082 
0003 

0084 

0085 
0l38b 
0087 
0068 
0069 

0090 

0091 

0092 

0093 

0094 

0095 

0096 

0097 

0098 

0099 

0100 
0101 
0102 
0S3J 

0104 

0105 

0106 

0107 

0108 

0109 

0110 
0111 
0112 

0113 

0114 
3115 
0U6 

0117 

0118 
0119 


DO  100  j*i,iai 

K»182*J 
100  0(K)*A(JJ) 

DO  105  J«1,S9 
105  C(J)«D 
K»0 

DO  110  J<4O,220 
KaK«l 

110  C(J)40(K1 

00  115  J»221,256 
115  C(J)«0 
ICbIC*1 

1F(1C,EQ,182)  60  TO  999 
CALC  t«TKAN(i,C,256) 
call  wAIT(I) 

WRITR(6|TO30)  C 
7000  FORMAT(10I6) 

130  CONTINUE 
KKaKK«21 
JZ»KK 

DO  200  K1»1,KK 
K2»KTt3T*(KK*l)«l 
200  t (Kl) •ACK2+K1) 
KTEST»KTEST*23 
DO  210  K3a||2600  i ' 

210  A(Ki)B0 

DO  215  K4si,KK 
215  A(K4J«E(K41 

lCOUNT«XCOuNTtl 
IF(IC0UNT,EQ,8)  60  TO  225 
GO  TO  1 
225  continue 

00  600  JPlilSi 

JJBJJPI 

Kal82«J 

600  0(K)*A(JJ) 

00  605  4«l,59 
60S  C(J}B0 
Ka0 

DO  610  J«40|220 
K«K^1 

610  C(J)«0(K) 

00  615  J«221,296 
615  C(J)B0 
lCaIC«t 

IF (IC,Eu.lfl2)  GO  TO  999 
CAUL  i^TnAN(3,C,256) 

CALL  HAIT(S) 

E(l)aA(2558) 
f (?)aA(2559) 

F (3)aA{2560) 

DO  650  lOai,26O0 
650  A(lQJa0 
MCa3 

00  6T5  X0ai,3 
675  A(IO)*E(IO) 
uO  TO  1002 
999  CONTINUE 

00  815  lal,37 


^^>:TRAN  709,01! 


i(>to3n« 


09«JUN»76  PAGt 


3 


r 


f 


i c 'U 

DO  610  J«l,256 

01'  1 

010 

C(J)»0 

01' 2 

CALL  ^nRAN(3,C|256) 

0lf  3 

CALL  WA1T(3) 

Dlt  4 

SIS 

CONTINUE 

yi«’5 

CALL  SPCL(3,2) 

Oi  - 6 

CALL  WAIT(3) 

01^7 

CALL  3FCL(3,2) 

012  8 

CALL  NAIT(3) 

Ole  9 

WRITE(h,2O00) 

0130 

2000 

FORMATdX,  'COMPLETE 

0131 

CALL  EXIT 

0132 

END 

SEOO 

ROUTINES  CALLtOl 

SETra»  WTRAN  , WAIT  , flTRAN  , SPCL  , EXIT 

OPTIONS  •/ON,/OPia 

BLOCK  LENGTH  . 

main,  5J04  (023740)* 

•*C0MPILEH  nfwww  COR?** 

phase  used  free 

OKCLARATIVES  006?2  13034 

exelutaules  oi;>n3  noss 
assembly  01bl7  17628 


h7 


I 

i . 

i 

I 
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p 
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